Distribution Pattern and Physical Mapping of CCC Plasmid-Mediated Multidrug-Resistance in some G-ve Bacteria Recovered from Hospitals and Haemodialysis Units Wastewater at Al-Madinah Al-Munawarah  by Diab, Atef M. & Al-Turk, Idriss Muneer
82 
 
 
 
Distribution Pattern and Physical Mapping of CCC Plasmid-   
Mediated Multidrug-Resistance in some G-ve Bacteria Recovered 
from Hospitals and Haemodialysis Units Wastewater at  
Al-Madinah Al-Munawarah 
 
Atef M. Diab Ph. D and Idriss Muneer Al-Turk Ph. D 
 
Department of Medical Laboratory Techniques, Faculty of Applied Medical Sciences 
 Taibah University, Al Madinah Al Munawarah, Saudi Arabia 
 
 
 
 
CLINICAL STUDY 
Abstract 
Objective  
Investigation of the presence and distribution pattern of plasmid-linked antibiotic 
resistance amongst Gram-negative bacterial strains recovered from wastewater of 
hospitals and haemodialysis units. Drawing up a physical map of the most frequently 
distributed plasmids. 
Methods 
Representatives G-ve bacterial strains; 59 isolates, were chosen from a previous study for 
the same authors, as of the most resistant ones (resist more than 3 up to 9 antibiotics to > 
100 μg/ml.). Miniprep protocol and gel electrophoresis technique were adopted for the 
detection and isolation of ccc plasmid DNA from the differentially-isolated G-ve bacteria. 
Restriction analysis using 11 DNA restriction enzymes and “Plasp” computer program 
against λ phage DNA digested with Hind III, for physical mapping of the most distributed 
plasmid. 
Results 
Results revealed the presence of seven different plasmids, distributed as 1-3 different 
types of plasmids in 68% (40/59) of the strains; chosen as representatives of the most 
resistant ones ( resist more than 3 up to 9 antibiotics to > 100 μg/ml.). The detected 
plasmid sizes were estimated against HindIII-digested λ phage and found ranged from 
36,844 to 2,027 bp . Preliminary physical mapping was constructed for the plasmid (23130 
bp) that was the most distributed amongst more than 90% of the plasmid-bearing strains 
and was the only found singly. 
Conclusion 
 The isolated, characterized and the mapped plasmid (s), suggest the possibility of high 
rate of both vertical and horizontal distribution of these plasmids amongst the isolated G-
ve bacterial Genera and species. 
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Introduction 
 
roblems associated with the 
development and spread of antibiotic 
resistance in the clinic have been increasing 
since the early 1960s and are currently 
viewed as a major threat to clinical practice. 
Plasmid-linked resistance, especially for 
pathogenic bacterial isolates, are still of 
critical importance. It is generally accepted 
that the main cause of this problem has been 
and still is the discharge of antibiotic-
resistant bacteria and antibiotics in various 
amounts in the environment, the 
widespread inappropriate use and over-
prescribing of antibiotics in clinical 
medicine1. Ofloxacin was detected in 
wastewater samples of two hospitals at 
17.5–186.2 pg/mL2. A multi-residue 
analytical method has been developed and 
validated for determining a selection of 16 
pharmaceuticals:  amongst them 3 
antibiotics (trimethoprim, metronidazole, 
and erythromycin) were detrmined in 
relatively high concentrations3. 
Pseudomonads, aeromonads and multiple 
drug-resistant G-ve bacteria were 
extensively studied as etiological agent of 
disease syndromes4,5. Aeromonas species are 
also noted to be important pathogens of 
pediatrics and immuno-compromised 
patients causing diarrhoea and even more to 
death in many cases6,7. The discovery of 
transferable extra-chromosomal DNA 
elements such as plasmids, cosmids and 
transposons, amongst bacterial genera; 
vertical distribution, and/or bacterial 
species of the same genus; horizontal 
distribution, drew attention to concentrate 
and focus on the identity of these elements 
and the mechanisms by which they 
transferred, accepted and expressed within 
their hosts. The plasmid-linked resistance 
patterns of 13 gram negative ampicillin-
resistant isolates were investigated, and for 
six of them plasmids were detected and 
found responsible for resistance to 
ampicillin with relatively high MIC(S) using 
both transformation and isoelectric focusing 
point techniques8. The occurrence of 
resistant bacteria and their resistance genes 
in hospital wastewater, thus indicating 
possible transfer and distribution of these 
bacteria with their plasmids in the 
environment 2. The health concerns that 
antibiotic resistant and multiple-antibiotic 
resistant bacteria present are amplified by 
the phenomenon of genetically resistance 
transfer9. Several studies showed that 
antibiotic resistance characteristics can be 
transferred to sensitive recipient organisms 
in the environment and DNA coding for 
antibiotic resistance may be conjugally 
transferred between similar 
microorganisms10. Thus an antibiotic-
resistant bacterium poses a serious public 
health problem. Here emerged the 
importance of detecting such bacteria and 
such genetic elements and study the 
possible ways of preventing or at least 
controlling this phenomenon. The massive 
works and intensive researches all over the 
world certify that this point is a real hot 
issue up till now. 
 
Aim of the work 
The study aimed to detect, isolate and 
characterize ccc plasmid DNA in the 
multidrug-resistant strains under study. 
Investigation of any relation between these 
antibiotic-resistant G-ve bacteria recovered 
from hospitals and haemodialysis units’ 
wastewaters and the presence of plasmids. 
The distribution pattern of these plasmids 
within the studied population, depending 
upon the characteristics of these plasmids 
including; number and size. Preliminary 
physical mapping of most distributed 
plasmid.  
 
Materials and Methods 
 
Bacterial strains: From a previous study for 
the authors, a total of 59 G-ve bacterial 
isolates recovered from hospitals and 
haemodialysis units’ wastewater were 
chosen to start with, in the present study. 
These isolates belong to 5 Families, 17 
Genera and 27 species, resisting at least 3 
antibiotics (out of 9) up to > 100 µg/mL11, 
referred to in Table 1. 
P 
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Table 1: Showing the plasmid-bearing isolates (40), their numbers, names, site of isolation, 
number of antibiotics they resist, number of plasmids and the estimated sizes bp 
Isolate name Site of 
 isolation 
No of  
anti. resist 
No. of  
plasmids 
Plasmid size bp 
Escherichia coli 1 Al-Moasah 7 2 23,130 , 9,416 
Escherichia coli 1 K. Fahd 9 1 23,130 
Escherichia coli 1 Al-Moasah 9 1 23,130 
Escherichia coli 1 Al-Moasah 7 3 29,987 , 23,130 , 4,361 
Escherichia coli 1 Saudi 8 1 23,130 
Enterobacter cloacae Saudi 9 1 23,130 
Enterobacter cloacae Saudi 7 3 23,130 ,  4,361 , 3,851 , 2,027 
Enterobacter cloacae K. Fahd haemo. 9 2 23,130 , 4,361 
Enterobacter cloacae K. Fahd haemo. 7 1 23,130 ,  
Enterobacter gergoviae K. Fahd haemo. 7 1 23,130 
Enterobacter cloacae K. Fahd haemo. 7 1 23,130 
Enterobacter cloacae Saudi 6 3 29,987 , 9,416 , 4,361 
Enterobacter saburiae W & M 6 2 29,987 , 23,130 
Klebsiella pneumoniae  Al-Moasah 7 1 23,130 
Klebsiella pneumoniae  Al-Moasah 9 1 23,130 
Klebsiella ornithinolytica Al-Moasah 8 3 23,130 , 4,361 , 2,027 
Klebsiella pneumoniae  K. Fahd 8 1 23,130 
Klebsiella pneumoniae  K. Fahd 7 3 29,987 , 23,130 , 9,416 
Klebsiella pneumoniae  Al-Moasah 8 1 23,130 
Klebsiella pneumoniae  K. Fahd 8 2 23,130 , 9,416 
Klebsiella pneumoniae  K. Fahd 8 2 23,130 , 9,416 
Shewanella putrifaciens Al-Moasah 8 1 23,130 
Shewanella putrifaciens Al-Moasah 8 1 23,130 
Citrobacter frundii  Saudi 7 1 23,130 
Citrobacter frundii  K. Fahd haemo. 6 3 23,130 , 9,416 , 2,027  
Citrobacter frundii  K. Fahd haemo. 9 3 29,987 , 23,130 , 3,851 
Citrobacter frundii  K. Fahd haemo. 7 2 23,130 , 3,851 
Citrobacter frundii  K. Fahd haemo. 6 2 29,987 , 23,130 
Chryseobacterium  
meningiosepticum 
K. Fahd haemo 9 2 29,987 , 23,130 
Serratia marcens Saudi 7 3 36,844 , 23,130 , 9,416 
Serratia odorifera Saudi 6 1 23,130 
Serratia ficaria Saudi 9 4 36,844 , 23,130 , 9,416 , 4,361 
Serratia odorifera Al-Moasah 7 2 29,987 , 23,130 
Chryseomonas luteda K. Fahd 9 1 29,987 
Pseudomonas aeruginosa Saudi, haemo. 6 2 29,987 , 23,130 
Pseudomonas puteda Saudi, haemo. 9 2 29,987 , 23,130 ,  
Flavimonas oryzihabitans W & M 5 2 29,987 , 23,130 
Providencia alcalfaciens Saudi, haemo. 6 2 29,987 , 23,130 
Stenotrophmonas maltophilia Saudi 8 2 36,844 , 29,987 
Salmonella  arizonae K. Fahd 7 3 23,130 , 9,416 , 4,361 
 
Detection and Isolation of Plasmid DNA: 
The miniprep method described by12, for the 
detection and isolation of plasmid DNA was 
adopted. Cell pellets were harvested from 
freshly-prepared LB broth and resuspended 
in 100 µL alkaline extraction with solution Ι 
composed of 50 mM glucose, 25 mM tris 
(pH 8.0) and 10 mM EDTA, combined with 
fresh 20% SDS, solution II by combining 1 
mL 2 M NaOH, 0.5 mL 20% SDS, and 8.5 mL 
H2O. 150 µL of ice-cold solution III (3 M) 
KOAC were added, brought to pH 5.5 by 
adding glacial acetic acid] to each tube. A 
white precipitate of denatured proteins and 
cell debris is formed. 200µL phase 
separation mixture of phenol chloroform 
(1:1) was added to each Tube. Closed 
microfuge were inverted tubes several times 
to mix the phases well. The samples were 
centrifuged for1 minute in a microfuge. 
Using a pipettor or a Pasteur pipet, the 
upper (aqueous) phase was transferred to 
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new microfuge tubes. Precipitate DNA 
using 300 µL l cold isopropanol to each tube. 
Fresh TE [50 mM Tris (pH 8.0); 20 mM Nacl 
and 5 mM EDTA] plus digestion of RNA 
using RNase by adding 20 µL (5 mg/mL) 
RNase in TE buffer was prepared. 5 µL of 3 
M NaOAC and 125µL cold ethanol to DNA 
were added. Samples can be stored at –20 ºC 
indefinitely. The pellets were resuspended 
in 40 µL 1 mM Tris and 0.1 mM EDTA, pH 
7.5. Sterile non-pyrogenic water for 
intravenous injection was the quality of 
water used in all preparations through the 
study, (Pharmaceutical Solutions Industry 
Ltd, KSA In Cooperation with Fresenius 
Kabi, Germany. 
 
Agarose Gel Electrophoresis: Agarose gel 
electrophoresis was carried out using the 
tris-borate EDTA buffer (TBE). Gels were 
prepared by adding (0.7% - 1%) agarose and  
0.5 μg/ml ethidium bromide (5-7 µL 
ethidium bromide from stock solution of 10 
mg/mL) to the TBE buffer. Electrophoretic 
runs proceeded at 70-90 V for 2-3 hours. The 
previously mentioned conditions were 
acclimatized according to specifity of each 
group of bacteria in the run.  
 
Restriction Analysis: Pure DNA sample 
(3µL) was added to 12µL deionized water, 
1µL endonuclease, and 2µL of the high salt 
digestion buffer 1M NaCl, 500mM Tris-Hcl 
(pH 7.5). 100 mM MgCl2-6H2O, and 10 mM 
DTT), loading buffer (5µL) was added, and 
agarose gel was run at 90 V for 2 h. A 
reference lambda phage DNA (approx. 48 
kbp) digested with Hind III (Sigma 
Production, St. Louis, USA D 9780) and Step 
Ladder 50bp; with 17 bands ranging from 50 
to 3000bp (Sigma S-7025) were run in the 
same gel, for the determination of the 
isolated plasmids sizes against its well 
known 6 fragments (23.130, 9.416, 6.557, 
4.361, 2.322 and 2.027 bp. Restriction 
analysis using 11 endonucleases namely; 
EcoR I, BamH I, Dpn I, Kpn I, Pst I, Sac I, Sal 
I, Sma I, Bgl I, Bgl II and Hind III (Fermentas 
Life Sciences, ER0271, ER0051, ER1701, 
ER0521, ER0611, ER1131, ER0641, ER0661, 
ER0071, ER0081 and ER0501, respectively) 
proceeded in order to draw a preliminary 
map of isolated plasmids. 
 
CCC Plasmid DNA Mapping: Mapping of a 
CCC plasmid DNA detected and isolated 
from strains that have only one plasmid was 
accomplished using the fragment sizes bp 
came out of restriction analyses with the 11 
restriction endonucleases namely; EcoR I, 
BamH I, Dpn I, Kpn I,   Pst I, Sac I, Sal I, Sma 
I, Bgl I, Bgl II and Hind III, from Fermentas 
Life Sciences, ER0271, ER0051, ER1701, 
ER0521, ER0611, ER1131, ER0641, ER0661, 
ER0071, ER0081 and ER0501, respectively, 
and the application of  the “Plasp”computer 
program. 
 
Results  
 
A total of 59 bacterial strains isolated from 5 
hospitals and 2 haemodialysis units, 
representing 27 Species and belong to 17 
Genera comprising a bacterial population of 
five Families, were surveyed for plasmids. 
All of these strains showed multidrug-
resistance to at least three antibiotics, up to 
100 ul/mL, in a previous study. The 
presence of plasmids was confirmed for 40 
isolates (68%), while 19 isolates (32%) were 
found to be plasmid-free Figures 1-6. 
Names, code numbers, site of isolation, 
number of antibiotics that every isolate 
resist out of  the tested nine common ones, 
plasmid-bearing, number of plasmids or 
plasmid-free, as well as the number of 
matched plasmids in the species within each 
genus were illustrated in Table 1.  
Sizes of the seven detected plasmids ranged 
between 2,027 and 36,844 bp. Number of  
plasmids (1-3 plasmids/strain) and their 
approximate sizes with other important 
characteristics were as illustrated in Table 1.  
The number and percentage of plasmids 
shared amongst the 40 plasmid-bearing 
strains, Figure 8 proved both the vertical; 
amongst Genera and Families, and 
horizontal; amongst Species, distribution of 
the detected plasmids. 
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Figure 1:  Showing the percentage of the plasmid-bearing G-ve isolates (40/59= 68 %) in relation to those 
plasmid-free ones (19/59= 32 %).  
   
 
 
 
 
 
 
 
 
 
 
    
 
 
Figure 2:  The real image (a) and the diagrammatic presentation (b) for the electrophoretic run 1 of the 
detected plasmid  DNA bands for ( 13 ) bacterial isolates resistant to more than ( 3 ) antibiotics as well as 
a reference isolate (Shewanella putrifaciens) bearing one plasmid ( R ). Full lane description is as follows: 
Lane 1, Pseudomonas aeruginosa with 2 plasmids, 3. Pseudomonas putida  with 2 plasmids, 4. Flvimonas 
oryzihabitans with no plasmids, 5. Providencia alcalifaciens  with 2 plasmids, 6. Serratia marcens  with 3 
plasmids, 9. Enterbacter coloacae  with 1 plasmid,  11.Citrobacter frundii  with 1 plasmid, 13. 
Enterobacter coloacae no plasmids detected, 14. Enterobacter cloacae with 3 plasmids, 17. 
Stenotrophomonas maltophilia with 2 plasmids, 19. Aeromonas hydrophila with no plasmids, 21. 
Klebsiella pneumoniae with 1 plasmid, 22. Escherichia coli 1 with no plasmids. Matching analysis 
revealed the similarity in a plasmid band for the two isolates; No. 6 and 17, a plasmid band for the four 
isolates No. 1, 3, 5 and 17, a plasmid band for eight isolates No. 1, 3, 5, 6, 9, 11, 14 and 21 as well as the R 
isolate, a plasmid band for two isolates No. 6 and 14, and two extra plasmids appeared only for isolate No. 
14.
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Figure 3:  The real image (a) and the diagrammatic presentation (b) for the electrophoretic run 2 of the 
detected plasmid  DNA bands for ( 13 ) bacterial isolates resistant to more than ( 3 ) antibiotics.  Full lane 
description is as follows: 
Lane 23, Escherichia coli 1 no plasmids detected,  24. Chryseobacterium meningiosepticum no plasmids 
detected, 27. Pasteurella pneumotropica  no plasmids detected, 34. Chryseobacterium meningiosepticum  
no plasmids detected, 42. Shewanella putrifaciens  no plasmids detected, 45. Salmonella arizonae  with 3 
plasmids, 50. Citrobacter frundii with 3 plasmids, 51. Enterbacter cloacae with 2 plasmids, 52. Citrobacter 
frundii with 3 plasmids, 53. Citrobacter frundii with 2 plasmids, 54. Enterbacter cloacae with 1 plasmid, 
55. Enterbacter gergoviae with 1 plasmid, 56. 
 Enterbacter cloacae with 1 plasmid matching analysis revealed the similarity in a plasmid band for the 
eight isolates No. 45, 50, 51, 52, 53, 54, 55 and 56, a plasmid band for two isolates No. 45 and 50, a 
plasmid band for two isolates No. 45 and 51, a plasmid band for three isolates No. 50, 52 and 53. Isolate 
No. 52 has a quite larger plasmid band that does not matching any other in this run. The eight matched 
plasmid bands here in run 2 are matching the other nine plasmid bands in run 1. 
 
Figure 4:  The real image (a) and the diagrammatic presentation (b) for the electrophoretic run 3 of the 
detected plasmid  DNA bands for ( 12 ) bacterial isolates resistant to more than ( 3 ) antibiotics.  Full lane 
description is as follows: 
Lane 58, Chryseomonas luteda with no plasmids, 64. Citrobacter frundii with 2 plasmids, 66.   
Chryseobacterium meningiosepticum with two plasmids, 67. Aeromonas salmonicida with no plasmids, 69. 
Shewanella putrifaciens with no plasmids, 73.  Serratia odorifera  with 1 plasmid, 74.  Escherichia coli 1  
with 2 plasmids, 75.  Yersinia pestis  with no plasmids, 76.  Klebsiella pneumoniae with 1 plasmid, 77.  
Klebsiella ornithinilytica with 2 plasmids, 78. Escherichia coli 1 with no plasmids, 81. Escherichia coli 1 
with no plasmids. Matching analysis revealed the similarity in a plasmid band for the two isolates No. 64 
and 66, a plasmid band for the six isolates No. 64, 66, 73, 74, 76 and 77. There was three other unmatched 
plasmids; one for isolate 74 and two for isolate 77. The six matched plasmid bands in run 3 are matching 
those nine of run 1 and the eight of run 2. 
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Figure 5:  The real image (a) and the diagrammatic presentation (b) for the electrophoretic run 4 of the 
detected plasmid  DNA bands for ( 12 ) bacterial isolates resistant to more than ( 3 ) antibiotics.  Full lane 
description is as follows: 
Lane85, Escherichia coli 1 with 1 plasmid, 87.   Klebsiella pneumoniae with 1 plasmid, 89. Chryseomonas 
luteda with 1 plasmid, 93.   Chryseomonas luteda   with no plasmid, 96. Shewanella putrifaciens  with no 
plasmids, 97. Serratia ficaria  with 4 plasmids,  98.   Enterobacter cloacae with 3 plasmids, 99.   Escherichia 
coli 1 with 1 plasmid, 100. Escherichia coli 1   with 3 plasmids, 101. Serratia odorifera with2 plasmids, 
104. Enterobacter saburiae  with 2 plasmids, 105. Flavimonas oryzihabitans with 2 plasmids.   Matching 
analysis revealed the similarity in a plasmid band for the two isolates No. 97 and 99, a plasmid band for 
seven isolates No. 89, 98, 99, 100, 101, 104 and 105, a plasmid band for eight isolates No. 85, 87, 97, 99, 
100, 101, 104, 105, a plasmid band for two isolates No. 97 and 98  and a plasmid band for four isolates No. 
97, 98, 99 and 100. The eight isolates with the same matched plasmid band in run 4 showed primarily, a 
very close matched pattern with those in runs 1, 2 and 3. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6:  The real image (a) and the diagrammatic presentation (b) for the electrophoretic run 5 of the 
detected plasmid  DNA bands for ( 8 ) bacterial isolates resistant to more than ( 3 ) antibiotics.  Full lane 
description is as follows: 
Lane 111, Klebsiella pneumoniae with 3 plasmids, 125. Shewanella putrifaciens with no plasmids, 127.  
Escherichia coli 1 with 1 plasmid, 130.  Shewanella putrifaciens with 1 plasmid, 131.  Klebsiella 
pneumoniae with 1 plasmid, 139.Chryseobacterium meningiosepticum with no plasmid, 140.  Klebsiella 
pneumoniae with 2 plasmids, 141.  Klebsiella pneumoniae with 2 plasmids.   Matching analysis revealed 
the similarity in a plasmid band for the six  isolates No. 111, 127, 130, 131, 140 and 141, a plasmid band 
for the three isolates No. 111, 140 and 141, an additional band for isolate No. 111 that matched non of any 
other in run 5. The above mentioned six isolates are of almost the same plasmid band detected with the 31 
isolates in runs 1, 2, 3 and 4. 
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Figure 7:  Distribution pattern of plasmids (7) amongst the studied isolates (n=40) those bearing the same 
plasmid type and size in bp. Distribution % of the plasmids sizes (bp) in a descending order, as represented 
by the volume of the balls in blue, is; 23,130 Kbp , 29,987 Kbp , 9,416 Kbp , 4,361 Kbp , 3,851 Kbp , 36,844 
Kbp  and  2,027 Kbp. 
 
 
Fragment 
  Size/bp 
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  9,416► 
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  2,322► 
  2,027► 
   
Figure 8:  The total of nine plasmid types detected in this study visualized in a group of eight 
representative isolates. Full lane analysis is as follows:  
1.  R is the λ phage, HindIII-digested with its well known 6 fragments  
2.  Isolate No. 3,  Pseudomonas putida  with 2 plasmids, 29,987 and 23,130  bp 
3.  Isolate No. 14, Enterobacter cloacae  with 4 plasmids, 23,130 , 8,701 , 3,851 and 2,322  bp 
4.  Isolate No. 17, Stenotrophomonas maltophilia with 3 plasmids, 36,844 , 29,987 and 23,130  bp 
5.  Isolate No. 50, Citrobacter frundii  with 3 plasmids, 23,130 , 13,773 ,  9,416  bp 
6.  Isolate No. 77, Klebsiella ornithinilytica with 2 plasmids, 23,130  and  4,361  bp 
7.  Isolate No. 97, Serratia ficaria  with 4 plasmids, 36,844 , 29,987 , 23,130 and 3,851  bp 
8.  Isolate No. 99, Escherichia coli 1  with 1 plasmid, 23,130  bp 
9.  Isolate No. 135,  Shewanella putrifaciens  with 1 plasmid,  23,130  bp 
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          BamHI           BglI         EcoRI                                                                         
             PstI      SacI  SalI                     
            SmaI      BglII            HindIII 
Figure 9: A list of the recognition sites and nitrogen base sequence of the 9 endonucleases; BamHI , BglI, 
EcoRI, PstI, SacI, SalI, SmaI, BglII and HindIII, those involved and had restriction activity on mapping 
the 23130 bp plasmid, as well as the map illustration using “Plasp” Program. 
 
The presence and absence of a certain 
plasmid in different isolates from the same 
species may be due to the environmentally-
controlled instability nature of plasmids, 
and /or the over metabolic load exerted on 
the bacterial cells in such extreme 
environments. The highest percentage of a 
plasmid distributed in this study was the 
plasmid sized 23, 130 bp (36/40=90 %), 
while a plasmid such 2,027bp was 
distributed only amongst 5 % of the studied 
strains (Figure 8).  
Preliminary physical mapping of the most 
distributed and frequently detected plasmid 
(23130 bp) in more that 90% of the plasmid-
bearing strains were accomplished. 
Restriction sites of 9 endonucleases (BamH 
1, Bgl 1, EcoR 1, Pst 1, Sac 1, Sal 1, Sma 1, Bgl 
11 and Hind 111 ),  out of 11, were 
repeatedly found along this CCC plasmid 
DNA. Only Kpn 1 and Dpn 1 did not show 
any activity on it indicating the absolute 
absence of sequence relevant to them. The 
distribution pattern of the studied plasmids 
was diagrammatically-presented in  
Figure 9.  
 
Discussion 
 
The plasmid-linked resistance patterns of 13 
gram negative ampicillin-resistant isolates 
were investigated, and for six of them
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 plasmids presence was confirmed and 
found responsible for resistance to 
ampicillin with relatively high MIC(S)8. The 
different distribution of tetracycline 
resistance determinants was observed in 
clinical strains belonged to different species 
harbored the same TetB indicating the 
possibility of horizontal widespread of 
genetic elements in hospital wastewater 
habitat 13,14. In spit of the close relatedness of 
plasmids beared with different isolates 
belonging to different species and genera, 
the antibiotic-resistance profiles were, 
sometimes, apart from each other. A 
comprehensive multiphasic survey of the 
prevalence and transfer of gentamicin 
resistance (Gmr) genes has been performed. 
It was interesting to find out whether Gmr 
genes described from clinical isolates can be 
detected in different environmental habitats 
and whether hot spots can be identified. 
Resistant bacteria isolated from the different 
environments had a different taxonomic 
composition. In only 34 of 207 isolates, 
mainly originating from sewage were 
known Gmr genes corresponding to five of 
the six clusters detected. The strains 
belonged to genera in which the genes had 
previously been detected (Enterobacteriaceae, 
Pseudomonas, Acinetobacter) but also to 
phylogenetically distant bacteria, such as α- 
and β-Proteobacteria. A high proportion of 
the Gm resistance isolated from sewage, 
were identified as plasmids. Molecular 
detection of Gmr genes, and broad host 
range plasmid-specific sequences in 
environmental DNA indicated a habitat-
specific dissemination15,16,17. Some of the 
strains contained plasmids of similar size. 
Consequently, the occurrence of multiple 
antibiotic resistances in the indigenous 
Acinetobacter population was not mediated 
by horizontal transfere of unique plasmid 
structure. Isolates showing identical 
antibiotic resistance patterns, and identical 
or closely related plasmid profiles, were 
obtained from samples collected at different 
times and sites14. This is in line with what 
the results of the present study proved.  
It was supposed that bacterial strains with 
such numbers and sizes of plasmids were 
repeatedly involved in human infections 
and outbreaks. Two plasmids pHS-Tet (5.1 
kbp) and pHS-Rec (9.5 kbp) involved in a 
bacterial outbreak were analyzed and a 
further proof of their involvement in the 
resistance and outbreak was confirmed19,20. 
This may an answer to the frequently asked 
question about the demonstrated cases at 
Al-Madinah Al-Munawarah every now and 
then. 
From questionnaires and informal available 
data, the studied sites; 5 hospitals and 2 
haemodialysis units, usually add variable 
amounts of disinfectants and biocides which 
may play a role in the acquired antibiotic-
resistance for the isolated strains.   While a 
number of laboratory in vitro studies have 
demonstrated possible associations between 
the exposure of bacterial cultures to sub-
effective concentrations of biocidal 
molecules and changes in antibiotic 
susceptibility, there is currently little or no 
direct evidence that this is significant in the 
development of antibiotic resistance in 
clinical practice. In this respect, biocide use 
in hospitals has generally declined over the 
last 30 years, whereas the incidence of 
antibiotic resistance has steadily increased. 
Similar data are not available for the 
domestic environment, where broad 
exposure to a range of biocidal molecules is 
a recent phenomenon21,22. The distribution 
pattern of plasmids in relation to their size 
in this study is in contrast with the idea 
saying that the smaller the plasmid the 
higher the transferability of it to other cells12. 
The presence of certain genes on a plasmid 
responsible for such a transferability 
behavior, is much more stronger17,21. 
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